This paper presents research about design a textile-based stretch sensor for making a reliable sensing system for dance movement sensing. We examined sixteen textile-based conductive stretch sensors that were made with commercially produced conductive materials. Through the analysis of their sensitivity, linearity, hysteresis, responsiveness, and fatigue, a silver-plated conductive fabric, Technik-tex P130B, shows the best performance for dance movement sensing. Then, we tested the bonding technique, and washability of Technik-tex P130B-made sensors. The finding shows that bonding makes a noticeable impact on sensor performance. Both bonding and washing increase the sensor's resistance. Technik-tex P130B on one side bonding has the best performance for dance movement sensing. This reliable and washable textile-based stretch sensor is utilised for dance bodysuit making for further development.
Introduction
In the past decades, computer technology has been extensively used in the performing arts [1] . It strengthens and extended the form of expression of arts as it includes text, graphics, audio, video, etc. As technology develops, to enhance the appearance of art, technology has been added into the performing arts to create interactive effects [2] . Interactive multimedia built another level of performing arts, as it not only gives the multiple sense of the art, but also includes interaction with the audience or performer.
In the dance performance, the motion-sensing technology [3] is essential as the body language is the crucial point of dance to express the performer's expression. In this case, the motion-sensing interactive performance becomes the new form of dance performing to enhance the performance on stage. To strengthen the interaction of the dancing performance brings the need for motion sensing. The camera was the original idea for the motion capture as it can record and recognise body movement visually by computer vision. However, external equipment is always complicated to set up and cannot capture the detail or small scale of action, especially by only a few cameras. Then, wearable technology [4] becomes the progressive idea which directly captures data from the body. To obtain the data from the body by carrying the sensors, it can capture the movement precisely by placing more sensors on a different location on the body.
More recently, with an increasing range of applications for wearable devices, research into electronic textiles has attracted considerable attention [5] . E-textiles have been used mainly on the garment for sensing body information, as it can be incorporated into everyday clothes. Stretch is an initial property of the fabric. It was used widely for clothing such as sportswear, performance wear, and casual outfits. It makes clothes comfortable and more fitted on the body because of its elastic property. The property of stretch perfectly fits the needs of the sensor for body movement. The textile stretch sensor is the ideal option for dancing body motion sensing. It can be tightly fitted to the body so that it precisely captures the data just next to the skin from wearers.
Our research is interested in using textile-based stretch sensors for dance movement sensing. Before we make a sensing system for dance application, sensor's properties, reliability, and washability need to be evaluated and examined. The aesthetics and comfort of the sensors are considered alongside their sensing properties.
Materials and Methods
To design and make a reliable stretch sensor that can integrate into a dance bodysuit for dance movement sensing, we compared the properties of different conductive materials [6] and tested the bonding technique and sensor's washability [7] .
Evaluation of Textile Conductive Stretch Sensors
We chose fourteen commercially produced conductive materials ( Figure 1 ) to make sixteen stretch sensors. There are twelve conductive stretchy fabrics and two kinds of conductive threads. All the conductive fabrics were cut into 20 mm × 100 mm pieces. The conductive threads were knit in our lab using a gauge 7 Dubied knitting machine with six rows in height, 30 needles on a double bed with a stitch tension of 9.5. We analysed and compared the result of each sensor's sensitivity, linearity, hysteresis, responsiveness, and fatigue in both dynamic and static tests.
•
Dynamic test: The samples were stretched and released 100 times between 10% and 70% strain at a speed of 6 mm/s.
Static test: The samples were initially stretched at a speed of 6 mm/s, then stopped and held for three minutes at 70% strain. Then, the samples were released at 6 mm/s and held for three minutes at 10% strain.
Bonding and Washing Test
Bonding is a technique that is often used to attach two pieces of fabric. Theoretically, bonding will stabilise and protects the conductive materials so the sensor can be more stably placed on the dance leotards to fit the body, so the sensing system can sense body movement more accurately.
We tested the effects of bonding and washing on the sensor's performance. Three sensors made with Technik-tex P130B have been tested in this study: (i) conductive fabric only, (ii) conductive fabric bonded on one side to Eurojersey fabric, and (iii) conductive fabric with Eurojersey bonded on the top and bottom of the conductive fabric. The three samples were washed three times using a standard textile washing and drying method (ISO 6330:2000) . The samples were put in a protective textile bag using a front-loading washing machine with 40 C and 800 spins and then flat dried in the open air. Each sensor was tested under static test and dynamic test before and after washing.
Results and Discussion
We analysed the sensitivity, linearity, hysteresis, responsiveness, and fatigue of textile knit stretch sensors as described in [6] . Among the sixteen textile stretch sensors, a silver-plated sensor using conductive fabric material Technik-tex P130B met the sensor requirement for dance movement sensing the best. It has a relatively small working range, which will be more sensitive for small-scale movement sensing. Figures 2 and 3 show the three samples of the Technik-tex P130B sensor's performance in static test and dynamic test after bonding and washing. The result shows that bonding increases the sensor's resistance and stabilises the sensor's performance. These three sensors are washable, but their electrical resistance will be increased by washing. There are no significant differences between one-side bonding and two-side bonding in the sensor's performance. Still, the one-side bonding sensor was more comfortable to be worn, so that it would be more suitable for dancing bodysuit making. 
Conclusions
This paper presents a design of a textile-based stretch sensor that can be used for dance movement sensing. Sixteen sensors using commercially produced conductive materials were examined. An outstanding conductive fabric, Technik-tex P130B, was used to make a stretch sensor for bonding and washing test.
The finding shows that Technik-tex P130B has the best performance in linearity, responsiveness, and fatigue. Bonding stabilises the conductive fabric but restricts the sensor's working range. Washing increases the sensor's electrical resistance.
We made the prototype of a dance leotard, which placed textile stretch sensors on the centre of the body (Figure 4) . The sensors use Technik-tex P130B as a conductive material, one-side bonded on the leotard. Further work will capture the movement of the back using this sensing system and compare with the Vicon motion capture system. 
